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1.0 IHTRODUCTION 

This research project investigated the potential of the lymphocyte 
specific gravity distribution (LSGD) as a nonspecific procedure for early 
diagnosis of viral disease in astronauts. A general diagnostic test is 
needed to screen astronauts and scientific investigators prior to space 
travel. Extensive medical background data and long quarantines will become 
impractical as the frequency of space flight, the variety and versatility 
of investigations, and the assorted backgrounds of flight scientists cul- 
minate during the era of Shuttle. Also, such a procedure woulr. offer 
additional benefits. Since viral infections can interfere with human per- 
formance during any critical situation, individuals could be screened 
prior to an extensive travel assignment, underwater expeditions, isolation 
duty, etc. In elective surgery, diagnosis of early or subclinical virus 
infections could reduce postoperative complications. Such a procedure 
might be useful for general screening of blood donations since recipients 
should not be subjected to a virus insult in their weakened condition. 

Virus infections invoke the host immune mechanisms. Of the two major 

immune mechanisms, humoral and cellular, the cell mediated immune response 

(CMIR) conducted by the circulating peripheral blood lymphocytes may present 

the earliest and most indicative evidence of viral infection. The CMIR has 

been shown to be the major specific immunological defense against virus 

infection and to precede the appearance of circulating antibody . lymphoid 

cells disseminate the immune respor se ; obscure morphological changes in 

circulating lymphocytes have been noted in most virus diseases as early as 

2-3 days following infection^. Ixxleed, several hematologists have stated 

that thv? appearance of atypical lymphoid cells in the blood appears to be 

an almost universal consequence of infection if sensitive methods for 
2 

detection are used . 

An extremely sensitive method for detection of subpopulations of lymphocytes 
involves the analysis of their specific gravity distribution. Recently, 
investigators have reported that norsul, differentiated cells possess ru "row 
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specific gravity distributions that are independent of cell size or stage 
of cell cycle and that a change in differentiation frequently produces 
quantum changes in specific gravity^, ^antum-like changes in narrow 
specific gravity distributions have been observed for lymph node lympho- 
cytes in response to antigenic stimulation • Early investigations by 
Kelton showed that circulating lymphocytes from a healthy donor had an 
extrenely narrow specific gravity distribution that was radically altered 
prior to clinical manifestation of a virus infection^. FYirther, a recent 
publication by Shortman reports an altered specific gravity distribution 
for a case of influenza^. A recent study by us showed abnormal specific 
gravity distributions for patients with multiple sclerosis and other 
neurological diseases^. In our hands, subpopulations constituting only 
about 0.1? of the total population can be readily identified if isolated 
by the density gradient technique. Thus, the specific gravity spectrum 
of lymphocytes may aabody the sensitivity necessary to recognize activity 
of the CMIR related to early virus infections. 

In our study, virus infections are shown to result in significant 
differences between the specific gravity distribution of peripheral blood 
lymphocytes from patients and those from healthy volunteers. Additionally, 
new subpopulations of lymphocytes and changes in the distribution of those 
subpopulations usually present in healthy donors were identified as a 
result of analysis of the specific gravity distributions of lymphocytes 
from patients with viral disease. Alterations in the LSGD were also noted 
following immxmization against viral disease. A computer program was 
developed to aid in quantitative characterization of the distributions and 
important improvements in technique are reported. Although much additional 
research is required, there should be little doubt as a result of this 
study that characterization of lymphocytes by physical parameters is an 
important contribution to the diagnosis and study of human disease. 


2.0 METHODG AND MATERIALS 

The procedures are related in order of temporal sequence. More detail is 
furnished where significant Improvasents in technique were accomplished. 
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2.1 PREPARATION OF THE PICOLL 

In these experiments, FicoU (Pharmacia, Uppsala, Sweden) was used as the 
gradient material. There has been some discussion in the literature that 
the low molecular weight molecules in the Ficoll cause a loss of resolution, 
so the Ficoll was dialyzed to circumvent this problem. The dialysis was 
carried out using a Dow HFD-15 Mini-Plant Dialyzer (cellulose hollow 
fibers) with a nominal molecular weight cut-off of 5000 (Dow Chemical 
Company). Ficoll was dissolved in deionized, distilled water (30g to 
70 ml) and filtered through a 5y, lh2 mm filter (Millipore Corporation, 
Bedford, Mass.). The apparatus for dialysis is shown in Figure 1. 
Essentially, the Ficoll was drawn from a flask and pumped into the fibers 
of the dialysis cartridge by a peristaltic pump. The resultant pressure 
on the fibers was monitored by a gauge on the line between the pump and the 
fibers. On the output side of the fibers, a micrometer needle valve 
(Gilmont) was placed to provide sufficient back pressure to lessen osmotic 
dilution during dialysis. After passing the needle valve, the Ficoll 
flowed into the recovery flask. Distilled water bathed the outside of the 
fibers in the dialysis cartridge. The water was drawn from a distilled 
water bottle by vacuum past a needle valve and ball flowmeter in order to 
measure and regulate flow through the cartridge and establish counter- 
current flow. The water was drawn out by a Vanton flex-i-liner vacuum 
pump, capable of pumping both air and water. The vacuum was controlled by an 
air bleed and monitored by a vacuum gauge between the pump and the dialysis 
cartridge. Conditions used during dialysis were: counter current flow with 

a ratio of eight water to one Ficoll solution, 6.5" Hg vacuum on the water, 
and 25 psi on the Ficoll. These conditions resulted in a Ficoll flow rate 
of about 9 ml/min. After dialysis, the osmolar! ty of the Ficoll was 
increased to human osmolarity (289 >«sm/Kg, Reference 8) by addition of 
lOX Hank's Balanced Salt, Ca and Mg free. Osmolarity was measured by 
freezing point depression (Advanced Diglmatic Osmometer, Advanced Instru- 
ments, Needham, Mass.). Finally, Ficoll was filtered sterilized through 
a 0.22 micron, lU2 mm Millipore plate filter and a PMI lab piatp (Model 
RRP-SY, Fluid Metering, Inc., Oyster Bay, N.Y. 
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2.2 DESCRIPTION OP THE GRADIENT PORKER AND GRADIENT FORMATION 


A highly precise gradiert former vas developed by our laboratory and is 
shown in Figure 2. The gradient former used a mixing chamber containing 
the high density, Ficoll-HBSS mixture. HBSS, Ca Mg free, vas Introduced 
continuously into the chamber, while the Ficoll>KBSS mixture vas removed 
at twice the rate of HBSS infusion. These inflow and outflow rates resulted 
in the formation of a linear gradient. The exact outflow to inflow ratio 
is very critical to the fomation of truly linear gradients. Other devices 
commonly used for forming gradients employ peristaltic pmps which have 
been found to vary excessively in the pumping rate and constancy of each 
channel, so it vas necessary to design and develop a new gradient former. 

Our device employs three syringes, one for inflow and two for outflow. The 
two outflow syringes resnve a dense fluorocarbon liquid (PC-80, Medical 
Products Division, Minnesota Mining and Manufacturing Company) from a 
centrifuge tube. The use of a cone and fluorocarbon liquid help insure the 
deposition of a smooth, linear gradient. 

2.3 COLLECTION OF BLOOD AND DEnBRINATION 

Blood vas obtained by venipuncture using a 20 gauge needle and 30 cc syringe. 
Defibrination vas accomplished in l6 x 1^0 am siliconized glass tubes con- 
taining six 5 mm diameter siliconized glass beads. The tubes were vigorously 
rocked for five to ten minutes to complete the defibrination. 

2.1* RECOVERY OF LYMPHOCYTES 

The defibrinated blood vas nixed with Plasma Gel (Roger Bellon Laboratories, 
France) in a ratio of three parts blood to one part plasma gel. After 
mixing by gentle rocking, the tubes were allowed to stand at room temperature. 
As the red blood cells sedimented due to aggregation into rouleaux, the super- 
natant containing the lymphocytes vas removed by successive pipettings. 
Sedimentation vas ccnplete in 20 to i(0 minutes. FMHs and monocytes were 
eliminated by passing the supernatant through a column of scrubbed nylon 
fiber (Fenvall Laboratories, Division of Travenol Laboratories). The 
column consisted of 0.3 grams of nylon fiber inserted into a 200 m long, 

27 cc condenser with a water Jacket heated to 37*C by a water bath. Flow 
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rate of the supernatant through the column vas 25 ml/h^ , 
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2.5 equilibrium CENTRIFUGATION 
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Figure 3 



SCHEMATIC OF APPARATUS FOR DETERMINATION 
OF SPECIFIC GRAVITY DISTRIBUTION 
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coiintlng sensor. These components were connected In a recirculating 
system. Isotonic balanced salt solution vas used as the dilution fluid, 
and the fluid in the reseirvoir vas replaced after the displacement of two 
gradients. The mixing chamber consisted of a glass tube containing two 
loose-fitting, cylindrical, stirring magnets positioned in line with like 
poles in repulsion. An Alnico V horseshoe magnet mounted on a stirring 
motor vas positioned under the mixing chamber. The rotation of the horse- 
shoe magnet caused the stirring bar magnets in the mixing chamber to wobble 
and mix the solution. This design vas an effective mixer and had a low dead 
volume (about 0.3 cc), thus keeping loss of resolution to a minimum during 
the dilution and mixing. The continuous refractoneter verified the con- 
tinuity and linearity of the gradient. The continuous cell counter printed 
the number of cells counted at each one-minute interval. The data, along 
with the refractive index of samples (Bausch and Lomb Precision Refracto- 
meter) taken at the start and end of the gradient were entered into a 
Hewlett-Packard HP 98 IO desk top calculator with plotter which, using a 
program we developed, normalized the data to peak count, converted refractive 
index to density, subtracted ^background, and plotted the cell ntmiber as a 
function of cell density. 

2.7 DONOR SELECTTION, VIRAIi DIAOIOSIS AND IMMUNIZATION 

Peripheral blood samples (5-20 ml) were obtained from donors in subjective 
good health and from patients selected by T. Yamauchi , M. D. , at Harbor 
General Hospital, Torrance, California, under a subcontract. Due to 
difficulty in establishing positive serological diagnosis of any particular 
viral disease, patients with disease of certain clinical diagnosis were 
selected and serological diagnosis vas thereafter used to support the 
clinical diagnosis. 

In addition to the selection of patients with viral disease, characterization 
of changes In the specific gravity distribution of lymphocytes following 
immunization against viral disease vas attempted. A total of ten volunteers 
were each immvinized with one of the following vaccines: influenza, mumps, 

rubella, or smallpox. Blood samples were obtained and analyzed before 
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immunization and at 1, 2, 3. 7, 9, 1^*, 17. 21 and 30 days postimmunization. 

This study sought to safeguard the rights and safety of subjects. Donors 
were given a full explanation of the procedure and the intended use of the 
blood sample prior to obtaining freely given consent. The risk was minimal 
since only a small amount of blood was drawn. The research was Justified by 
prior studies that established need for further research and was accomplished 
by scientifically trained personnel. 

2.8 AHALYSIS OF LSGDs FOR SUBPOPULATIONS 
2.8.1 Dissection by Parabolas 

To investigate the presence of aubpopulations in the obviously heterogenous 
ISGDs, the distributions were plotted semilogarithmically with cell number 
on the ordinate and density on the abscissa. Each distribution was dissected 
into a sum of parabolas, corresponding to the components of the heterogenous 
distribution, by standard mathematical technique^. Essentially, parabolas 
were fitted by hand to each major component characterized by a peak or 
shoulder and that portion of the associated descending limb that was least 
influenced by other components. The parabola was plotted about the axis of 
symmetry at the peak or shoulder. Smaller components were identified by 
subtraction of the major parabolas from the heterogenous distributions. 


2.8.2 Computer Program for Fitting Gauss ians to Data 

In order to develop parameters for analysis of the distributions, a computer 
program was written using published subroutines^®. This program fits 
Gaussians to the data, computes chi-square, and iteratively adjusts the 
Gaussians until chi-square is minimized. The program Is delineated in Appendix A. 

Input to the program is: each peak's estimated central density, o. and 

count; starting and ending densities (X); and cell counts (Y). 

Output from the program consists of: the input data; the best fit peak 

center, o, end max count for each peak; the sum of the best fit Gaussians 
(for comparison with the original data); the component Gaussians; and a 
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plot of the original data, the composite fit, and each CJaussian. Appendix A 
contains the computer program and a representative data printout. Program 
MAIN is essentially a driving program for CHIFIT and other subroutines. 

Data are input up to line 1*3, and lines kU-kB set up the X values. The 
increment sizes used by CHIFIT are then set up, and CHIFIT called in line 
57. In lines 6l to 7l», the process is repeated until CSQ (the sum of the 
squares of the differences between input and output Y values) reaches a 
minimum. The rest of the program prints and plots the results. 

Sizing of Nuclei from pyaphocytes of Different Specific Gravity 

In order to further investigate the presence of subpopulations of lymphocytes 
within the heterogenous LSGD, another physical parameter, the size of the 
nucleus, was measured for lymphocytes isolated in different density regions 
of the gradient. Thus, a purified suspension of lymphocytes was split and each 
sample simultaneously centrifuged to buoyant equilibrium on identical gradients. 
One gradient was displaced and counted by the usual procedure to characterize 
the LSGD. The second gradient was displaced through the continuous refracto- 
meter and fractions collected in centrifuge tubes. Based upon the LSGD from 
the first gradient and the refractive index of fractions from the second 
gradient, fractions were collected for each selected region of the LSGD. 

Each density fraction was diluted and the lymphocytes concentrated by 
centrifugation. The lymphocytes were resuspended in BSS containing 5 mg/ml 
of hexadecyltrimethyl ammonium bromide (Matheson) in order to strip the 
nuclei of outer membrane and cytoplasm. The isolated nuclei were counted 
and sized by a Cytofluorograf (Biophysics Model 1*802A). Relative size was 
measured by small angle scattering at kBOO X and the distribution of number 
at each size stored in a 100 channel analyzer. The size distributions for 
each selected density region were hand plotted from printout of the data. 

2.9 STUDY OF GRADIENT CHARACTERISTICS 

Since the results of this study were very dependent upon the characteristics 
of the linear density gradient, studies were conducted on the relationship 
between refractive index (RI) and specific gravity, the linearity and 
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similarity of simultaneously formed gradients, and the reproducibility of 
LSGD. 


2.9.1 Relationship Between RI and Specific Gravity 

The stock solutions of FicoU-HBSS used in format ion of linear gradients 
were used to make up several calibration solutions. Solutions from about 
1.0070 g/cc to 1.0973 g/cc were made by mixing the Ficoll-HBSS with HESS. 
Densities were determined using a specific gravity balance (Troemner: 
Philadelphia, Pa. ) Temperature of the solutions while being measured for 
density was kept at 20®C±0.02®C by circulating water through a Jacket on 
the balance's fluid reservoir auid through a bucking heating and chilling 
system. RIs corresponding to the density meaisurements were determined 
using the temperature controlled high precision refractometer which gave 
RI to the fifth decimal place by interpolation (Bausch and Lomb Precision 
Refractometer ) . 

A plot of RI vs density was made with RI on the ordinate and density on 
the abscissa. A Hewlett-Packard 9810 calculator with statistics pack was 
used to do a linear regression on the data. 

2.9.2 Gradient Linearity and Similarity 

Any work involving linear gradients must show that the gradients are indeed 
linear. Any significant deviation from linearity or discontinuity in the 
gradient would distort the LSGD and could produce artifacts. Further, 
gradients simultaneously formed by the same apparatus must be highly similar 
if the conditions of linearity euid uniformity cure to be met. In this work, 
linearity and similarity were demonstrated by displacing four simultaneously 
formed gradients, as described, and fractionating each into thirty equal 
fraustions. The refractive index of each fraction was measured using the 
high precision refract<»neter. The correlation coefficient was determined 
for the least squares, llneaur fit of the useful portion of each gradient, 
and the composite of the four gradients as a measure of the similarity of 
the gradients. 
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2.9.3 LSGD Reproducibility 

Reproducibility was investigated by dividing a sample of purified lymphocytes, 
layering onto each of two simultaneously formed gradients, centrifuging to 
buoyant equilibrium, and characterizing each LSGD as usual. Comparison was 
made by difference in density of prominent features of the peak and calcu- 
lation of the correlation coefficient. 

3.0 RESULTS 

The results are presented in five parts: comparison of healthy donors 

8uid patients, studies of Immunization, analysis of distributions for sub- 
populations, miscellaneous studies of disease, and inspection of gradient 
characteristics. Throughout these studies, monitoring of over 1^0 gradients 
by the continuous refractometer did not shov any discontinuities in the 
gradients and did not reveal any significant departure from linearity over 
the region of the gradient used to characterize the specific gravity dis- 
tribution of lymphocytes. 

3.1 C(»4PARIS0N OF HEALTHY DOKORS AND PATIENTS 

Peripheral blood samples were ana^.yzed for 2^ healthy donors and 20 patients 
with positively diagnosed viral disease. Figure U shows a superpositon of 
distributions from the first 15 healthy donors, while Figures 5-10 show 
example, individual distributions for six patients with viral disease. The 
computer plot, with orlglnsd data points for each healthy donor and patient 
with virus disease, is shown in Appendix B. Note the similarity of the 
distributions for the controls in contrast to distributions from disease 
states. The typical distribution for a healthy person, when plotted on a 
linear scale, shows few cells at low densities, rises quickly to the peak, 
and tapers off at high densities. 

The most striking differences between distributions from control and from 
patients are the density position of the main peak, the width of the main 
peak, and the relative percentage of cells contained by the main peak. 
Therefore, the parameters chosen for statistical comparison were: density. 
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of the main peak at its highest count, full width at half maximum (FWHM) 
of the main peak, and area encompassed hy the FWHM. In order to obtain 
these measurements, the distributions were normalized to the highest cell 
count and plotted with a linear scale using the HP 9010 with plotter. The 
density position of the main peak and FWHM were measured directly from 
these plots. The fraction of the total area encompassed by the FWHM was 
measured by planimetry. 

Table I gives the values for the main peak density, area fraction, and 
FWHM for healthy donors, along with the upper and lower confidence limits 
at the 90, 95 and 98 percent levels. The values which fall outside these 
limits are indicated with an asterisk. Table II contains the same infor- 
mation for donors with viral disease. As can be seen from the two tables, 
by requiring all measures to be inside the confidence limits for normals 
and at least one measure to be outside for subjects with viral disease, 
only 3 false negatives of 20 patients would have been diagnosed. In order 
to minimize false negatives and false positives using all three criteria, 
the 95% level of confidence would yield 3 false negatives and one false 
positive. 

The serology results are given in Table III. Although the serology 
eliminated 2 additional false negatives, no additional insight was provided 
regarding the analysis of the specific gre /ity distributions. 


3.2 IMMUNIZATION STUDIES 

The temporal changes in LSGD following immunization are illustrated in 
Figure 11. for subjects 3 and 5. The changes can be generally character- 
ized by a shift in density of the main peak to somewhat lower densities 
after day 1 or 2, and the appearance of more cells in the low density 
region (1.02 - l.oU g/cc) after about day 9 following immunization. The 
LSGDs for subject 5 are shown superimposed in Figure 12. The presence of 
at least 3 major subpopulations of lymphocytes during immunological response 

can be easily identified. 
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TAULE I. 

MAW AEAK DENSm 

Confidence Limits 
VALUE 90S 95 * 98 { 

1.0610 1.0617 


STATISTICAL ANALYSIS Of LSGD PARAMETERS FOR HEALTHY DONORS 


1.0603 

1.0S35 


1.05Z8 1.0S71 


VALUE 


HI 

1.0541 

.575 

N2 

1.0S64 

.477 

N3 

1.0544 

.588 

N4 

1.0547 

.487 

NS 

I. 0565 

.595 

N 6 

1.0562 

.520 

N7 

1.0544 

.565 

NO 

1.0547 

.576 

N9 

1.0559 

.544 

NIO 

1.0572 

.509 

Nil 

1.0571 

.541 

NI2 

1.C548 

.606 . 

N13 

1.0541 

.549 

N14 

1.05SS 

.590 

N1S 

1.0565 

.513 

NI 6 

1.0595 

.640 

NI7 

1.0608 • 

.599 

*18 

1.0592 

.626 

NI9 

1.0571 

.740 

*20 

I. 0583 

.672 

*21 

1.0590 

.605 

*22 

1.0565 

.662 

*23 

1.0593 

. .619 

*24 

1.0595 

.635 

N2S 

1.0599 

.719 

ittldc 

•f Confidence Limits 



MAIN PEAK AREA FRACTION 

Confidence Limits 
90S 


.69990 

.48026 


95S 

.72319 

.45697 


98S 

.74516 

.43500 


VALUE 


.00636 

.00530 

.00712 

.00833 

.009242 

.00712 

.00758 

.00788 

.00727 

.00667 

.00667 

.00727 

.00591 

.00727 

.00773 

.0083 

.0092 

.0087 

.0062 

.0075 

.0093 

.0066 

.0068 

.0071 

.0062 


MAIN PEAK FUHM 

CONFIDENCE LIMITS 
90S 05 * 98S 


.009091 

.005599 


.009461 

.005229 


.009810 

.004380 
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TABLE II. 

STATISTICAL ANALYSIS OF LSGD P/ 




MAIN PEAK OENSITY 







Confidence Limitss 


NECT «. 

VIRAL DISEASE 

Value 

901 

951 

981 

Value 



1 .0603 

1.0610 

1.0617 





1 .0535 

1.0528 

1.0521 


VI 

SSPE 

1.0634 

« 

* 

• 

.3696 

V2 

MEASLES 

1.0612 

* 

* 


.5359 

V3 

ML»*PS 

1 .0646 

* 

* 


.6071 

V4 

H. SIMPLEX 

1.0640 

* 

* 

• 

.6204 

VS 

CMtCKEN POX 

1.0634 

« 

* 

* 

.6497 

V6 

MUMPS 

1.0609 

* 



.5011 

V7 

MEASLES 

1.0543 




.6586 

V8 

VIRAL EXMTHEm 

1.0670 

* 

• 

* 

.2908 

V9 

VARICELLA 

1.0571 




.3758 

T10 

VARICELLA 

1.0589 




.4614 

vn 

VARICELLA 

1.0298 

* 

* 

* 

.5905 

V12 

VARICELU 

1.0579 




.2969 

VI 3 

VARICELLA 

1.0580 




.5018 

VI4 

VARICaLA 

1.0577 




.6368 

V15 

varicella 

1.0500 

• 

* 

« 

.6272 

V16 

VARICELLA 

1.0606 

* 



.5844 

V17 

MWPS 

1.0608 

• 



.5637 

V1B 

HERPES ZOiTER 

1.0599 




.8058 

VI9 

HERPES ZOSTER 

l.>j£02 




.8513 

V20 

HERPES ZOSTER 

1.0603 




.4281 


MAIN PEAK AREA FRACTION 

Confidence Limits 
901 951 981 

72319 .74516 

,45697 .43500 


Value 


.69990 

.48026 


MAIN PEAK FMHH 

Confidence Limits 
901 951 081 

.009091 .009461 


.005599 .005229 


009810 

004880 


.00856 

.008788 

.015672 

.009850 

.014179 

.006364 

.012239 

.00500 

.015758 

.018333 

.016818 

.008657 

.006300 

.023636 

.035757 

.012879 

.007727 

.0092 

.0041 

.0105 


• Outside ef Confidence Limits 


Table III. SEROLOGY OF VIRAL DISEASE 


VIRAL RESULTS 


PATIEHT # 

CLINICAL DIAGNOSIS 
OF DISEASE 

ISOLATION 

SEROLOGY 
ACUTE CONT. 

VI 

SSPE 

Not Done 

Not Done 

V2 

Measles 

No Isolation 

4 - 

0 

V3 

Mumps 

No Isolation 

+ 

0 

VU 

H. Simplex 

H. Simplex 

1/6U 

1/6U 

V5 

Chicken Pox 

No Isolation 

♦ 

0 

V6 

Muisps 

No Isolation 

1/6U 

1/6U 

V7 

Measles 

No Isolation 

+ 

0 

V8 

Viral Exanthema 

No Isolation 

♦ 

+ 

V9 

Varicella 

No Isolation 



VIO 

Varicella 

Not done 

Not done ij' 

Vll 

Varicella 

Varicella 



V12 

Vsuricella 

No isolation 



V13 

Varicella 

Not done 

Not done 

VlU 

Varicella 

Not done 

Not done 

V15 

Varicella 

Not done 

Not done 

Vl6 

Varicella-Reyes 

No isolation 



V17 

Mumps 

Mumps virus 



Vl8 

Herpes Simplex 

Herpes Simplex 



V19 

Herpes Zoster 

No isolation 

<1/8 

21/61* 

V20 

Herpes Zoster 

Ho isolation 




* ■ serum available 
0 *= serum not available 


2k 






The temporal changes for all 10 subjects are shown in Appendix B. Their 
features cannot be conveniently characterized, but certain connon features 
did emerge. Thus, in the low density region (1.02 - l.OU g/cc), the sub- 
populations shifted to slightly higher densities during the interval between 
2 and 6 days post immunization in 7 out of 9 cases, and tended to lower 
densities during 7 to 10 days in 8 of 9 cases. In the density region above, 
1.05 g/cc (see Figure 13), there was a general shift to a position of lower 
density for the major peak at 7-10 days postisnaunization, disappearance of 
subpopulations at 11-20 days, and indication of reappearnce of subpopula- 
tions at 2I-3U days. 

3.3 ANALYSIS OF DISTRIBUTIONS FOR SUBPOPULATIONS 

Potential subpopulations of lymphocytes were dissected from the I£GDs by 
a standard method of fitting parabolas to the distribution by hand, by 
fitting Gaussian distributions with a computer program, and by determining 
the size of nuclei of cells separated on a density gradient. 

3.3.1 Hand-fit of Parabolas 

All of the LSGDs for healthy donors and patients with viral disease were 
hand-fit with parabolas for each likely subpopulation. Representative plots 
are shown in Figures lU to I6 for healthy donors and in Figures 17 to 19 for 
patients with varicella. 

The method usually revealed the presence of 3 subpopulations in the healthy 
donors and 2 to U subpopulations in the viral cases. The three subpopulations 
from healthy donors clustered at 1.035, I.0U8, and 1.056 g/cc, while the 
subpopulations of lymphocytes from viral eases were diffusely scattered; 
although, some clustering could be detected at I.O62 g/cc. This clustering 
is illustrated by Figure 20, the frequency distribution of modal densities 
of subpopulations at density intervals of 0.005 g/cc. This represents the 
number of subpopulations at each interval of density without regard to the 
number of cells in each subpopulation. The major difference between health 
and viral disease was the existence of additional subpopulations of lympho- 
cytes during disease. 
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3.3.2 Computer-fit of Gausslans 

Results of the computer-fit of Gaussians to the LSGDs are shown in 
Appendix C, Figures N1 to N25 and VI to V20, which are detailed in 
Tables I, II, and III. These correlated well with the results of the 
handfitting method, provided information on the relative number of cells 
in each subpopulations, and gave a goodness-of-fit criterion. 

Computer analysis allowed comparison of normalized cell numbers of 
comjMnent Gaussicuis at their modal densities for health suid disease. 

The computer analysis gave cell number normalized to a total count of 
1,000 for each distribution. For comparison, all distributions for each 
category, disease or health, were sismed, normalized to 1,000 and plotted 
on a semilogarlthmic scale to emphasize the subpopulations in each density 
interval. Figures 21, 22, 23, 2U, and 25 show the modal densities f-5r 
subpopulations of lymphocytes from healthy donors, varicella, measles, 
mumps, and herpes, respectively. 

Comparison of the subpopulations Identified for healthy donors with the 
subpopulations identified for each disease category clearly shows the 
presence of new or additional subpopulations of lymphocytes during disease. 
Further, there is some indication of different subpopulations for different 
viral diseases; although many additional cases remain to be characterized 
before any conclusions may be drawn. 

3.3.3 Characterization of Subpopulations by Density and Nucleaur Size 

Figure 26 shows the nucle«u: size distributions of lymphocytes separated 
on a density gradient. The lymphocytes were obtained from a patient with 
aricella. At least three subpopulations are clearly demonstrated by this 
technique; s low density, 1.02 - I.0U5 g/cc, subpopulation with a large 
nucleus ( -channel 35); a population with a small nucleus (.« channel 23) at 
density region I.0U5-I.058 g/cc and predominant on the low density, ascending 
half of the major peak; and a subpopulation with a large nucleus ( channel 
30) which appears in the density region 1.058 - I.06U g/cc and predominates 
at higher densities. In addition, the analysis provides strong evidence 
for a distinct, fourth subpopulation of lymphocytes with a small nucleus 
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(>channel l6) in the region of densities >1.06U g/cc. 


3.3.1+ Miseellsneous LSGDs 

During the course of this study, LSGDs were occasionally obtained by chance 
from donors that had or subsequently developed disease thought to involve 
cell-mediated immunity. 

3.3. U.1 Serendipitous Observations on Viral Disease 

Figures 27 to 30 show the temporal sequence of changes in the L5GD during 
a probable virus infection encountered by chance in a donor who was initially 
presumed to be healthy. Figtire 27 shows the LSGD three days before debilita- 
ting symptoms. The LSGD contains an overwhelming number of cells in the low 
density region 1.02-1.05 g/cc, an. a peak in the region 1.05 - 1.07 g/cc that 
is shifted from the normal position for heaathy donors to a peak density of 
about 1.062 g/cc. Figure 28 shows the LSGD at 9 days after first clinical 
symptoms and following recovery from debilitating symptoms. The LSGD is 
split into 2 distinct peaks at about I.O58 and I.O65 g/cc. A subpopulation 
at about I.0U8 g/cc is also evident. Figure 29 shows the LSGD at I6 days 
after clinical symptoms. This LSGD is also bimodal with peaks at about the 
same density locations as the previous LSGD, but with the peak at I.O65 g/cc 
greatly reduced in size compared with the peak at about 1.058 g/cc. Finally, 
the LSGD at 27 days after clinical symptoms (Figure 30) has the appearance 
of the usual ISGD from healthy donors. 

Figure 31 shows the LSGD from a donor on the day after significant 
debilitation as a result of the ”2k-hour flu". This LSGD is shown super- 
imposed over a LSGD from the same individual when healthy. Obviously, the 
main peak was shifted from about I.O56 to a position of slightly higher 
density, about 1.059, and the subpopulation at approximately I.0U7 g/cc 
became conspicuous. 

3.3. U.2 I£GD from Chronic Skin Cancer 

Figure 32 shows the LSGD from a donor with chronic skin cancer. This 
LSGD hee an unusually prominent subpcpulation at about 1.0k6 g/cc and the 
shoulder at about 1.052 g/cc suggests a proadnent subpepulation. Both 










of these subpopulations are seldom discernible in distributions from 
healthy donors, but are frequently prominent in viral diseases. 

3.3.5 Gradient Characteristics 

3.3.5«1 Relationship Between Refractive Index and Specific Gravity 

A plot of refractive index (Rl), versus specific gravity, for the batch of 
Ficoll in HBSS that vas used for most of the procedures is shown in Figure 
33. The linear regression, y != mx + b, where RI » x and sp. gr. = y, was 
calculated and the constants were found to be m • 0.90041 and b » 0.4323. 

The linear relationship is also plotted (solid line) in Figure 33. The 
correl/.tion coefficient, p, vas 0.99974. With df»4, the null hypothesis, 
is rejected at P<0.001. 

3.3. 5.2 Gradient Linearity and Similarity 

Figiiiis 34a, b, c i d show the RI versus fraction number of four gradients 
formed simultaneously using the special gradient former. Due to slight non- 
linc^'jrity at the beginning and end of each gradient, fractions equivalent 
to about 1/10 of the total fractions at the beginning and end of each gradient 
were discarded and the LSGD characterized only over the most linear midrange 
portion. Agreement with linearity over the midrange of the four fractionated 
gradients shown in Figure 34 is very precise as indicated by calculated 
correlation coefficients of 0.99992, 0.99982, 0.99972 and 0.99987. With df=20, 
H^:p=0 is rejected at P<0.001. 


Table IV shows the agreement of the RI for each fraction of the four 

simultaneously formed gradients. Statistical comparison results in a 

0 = 0.0004 g/cc between identical froictions of simultaneously formed 

gradients. A composite graph of all four gradients is shown in Figure 35 

where the correlation coefficient vas calculated to be 0.9996. With 

df = o6, H :p«0 is rejected at P<0.001. 
o 
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Table IV 

SEROLOGY OF VIRAL IMMURIZATIOH 

SEROLOGY 


DONOR 

IMMUNIZATION 

VACCINE 

ACUTE 

CONVALESCENT 

I-l 

6 - 6 -TL 

Influenza 

1/8 

1/16 

1-2 

6-6-7L 

Mumps 

1/32 

1/32 

1-3 

7-9-TL 

Rubella 

<1/10 

<1/10 

I-L 

7-9-7L 

Mumps 

<1/10 

<1/10 

1-5 

7-9-7L 

Mumps 

1/16 

1/32 

1-6 

7-9-7L 

Mumps 

1/32 

1/32 

1-7 

9-2U-7L 

Mumps 

1/8 

1/8 

1-0 

9-2U-7U 

Mumps 

1 /L 

1 /L 

1-9 

9-2U-7L 

Rubella 

<1/10 

<1/10 

I-IO 

9 - 2 U- 7 U 

Smallpox 

♦ 

♦ 


♦ ■ Serum available, not analyzed 

Note: Serology conducted by Dr. David Imagava, Harbor General Hospital, 

under subcontract. 
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FRACTION NUMBER 




3.3. 3« 3 liSGD Reproducibility of Simxiltaneoua Gradients 

Figure 36 shows the results of equilibriua centrifugation of lymphocytes 
frcan a split sample on simultaneously formed gradients. The LSGDs were 
reproducible to within ±0.001 g/cc of each other for identical, prominent 
characteristics of the distributions. The scatter diagram for correlation 
of these distributions is shown in Figure 37 and the correlation coefficient 
was calculated to be .953523. With df = I 6 , H^:p*0 is rejected at P<0.001. 




RELATIVE CELL NUMBER CRAOISaiT 


U.O Discussion 

This study clearly demonstrates significant differences between patients 
with viral infections and healthy donors based on comparison of the specific 
gravity distributions of peripheral lymphocytes. Attempts to interpret the 
differences in specific gravity distributions of lymphocytes from donors in 
health and disease must reconcile the data with known relationship between 
lymphocytes and virus infection and the temporal sequence of these relation- 
ships. Currently, such considerations include: a) observed changes in 

physical parameters of lymphocytes as a result of viral disease; b) changes 
in relative magnitude of the subpopulations of lymphocytes during viral 
infection; c) participation of lymphocytes in viral disease as host cells 
for acute Infections of SMn; d) the role of perlj^eral lymphocytes 
as mediators of the immune response against viral Infection. Although each 
of these considerations individually contributes to an understanding of the 
results, their cwnmonalities present impelling evidence for a -.nifying 
interpretation and indicate several avenues for further research. 

In order to attempt to fully understand the complex implications of changes 
in the subpopulations of peripheral lymphocytes with diseases, an exhaustive 
search of the literature was conducted. This effort is docxmented In 
Appendix D, Summary of Literary Review of Density Gradient Studies. 

Although all of the summarised reports were not directly applicable to this 
study, they form a foundation for an understanding of the potential and diffi- 
culties In the application of density gradient techniques. 

Reports are scattered and incomplete regarding changes In physical parameters 
of lymphocytes as a result of viral disease. Thus, changes In morphology, 
size, and specific gravity have been reported. Changes in morphology were 
observed as early as 1898 by Turk, who reported atypical, mononuclear cells, 
considered to be of lymphoid origin, in the peripheral blood of patients 
suffering from a variety of infectious diseases^. In 1951, Lltwlns and 
Leibovitz swmarized 30 yeazs of observations in a report on abnormal 
lymphocytes in virus diseases . They noted that the percentages of abnormal 
lymphocytes seldom exceeded 10$, except for infectious aooonueleosls , and 
that the Type III atypical lymphocytes, the largest of Type I, II, or III 
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according to Downey and McKinley^^, was observed only in the very early 
days of illness. In 1967, Wood and Frenkel presented a comprehensive 

li* 

review of atypical lymphocytes in a variety of cliniced ciretimstances . 

They d«-.scribed five morphologies of atypical lymphocytes that were most 

commonly associated with viral Illnesses cknd hypersensitivities. These 

usually constituted less than 20JS of the total lymphocyte population . 

They also reported that atypical Ijinphocytes were prominent during the 

lU 15 

incubation period and/or during convalescense * . They concluded that 

the significance and function of the atypical lymphocyte were unknown, 
although the scanty evidence indicated a nonspecific lymphocyte response 
to antigenic stimulus and a function in areas of local inflammation since 
they have been observed to accumulate in Inflammatory areas ’ . In 

relation to this investigation, Infonnation clearly shows the association 
of atypical populations of lymphocytes with virus diseases and changes in 
the populations during the course of illness. 

Changes in percentages of subpopulations of lymphocytes during virus 

diseases has also been reported in studies of nucleoli of peripheral blood 

lymphocytes. Thus, a marked increase of activated lymphocytes, blood 

lymphocytes that actively synthes-ze RIJA, was found in the great majority 

17 

of infectious diseases, particularly for measles, varicella, and rubella . 

Another study demonstrated changes in the relative percentages of macro- 

X0 

nucleolar and polynucleolar lymphocytes in response to viral disease . 

Size (lymphocyte diameter) has also been related to the appearance of 

19 

atypical lymphocytes in the peripheral blood of patients with viral disease . 
That study shoved an abnormal size distribution for atypical lymphocytes 
from patients with acute illness. Although the distributions were not 
similar in shape, they demonstrated a shift to larger diameters compared to 
the pooled size distribution of healthy donors. The reported change agrees 
with our investigation where major, abnormal subpopulations had un\tsually 
large nuclei. 

In our literature review, only one Journal publication, 197^, has reported 
any change in the I£CD of a donor with virus infection . In that 
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0 PU.Uc.tlon, the Of . Conor v.s o.tnlnod .y n.„«..t«.o. prior to and 
ring a mUd respiratonr tract inf«:tion. It ««, obaarved that an 
increase occurred In the proportion of licphocyte. in the lo. density 
eion. 1.06 - 1.07 g/cc. Of the distribution betveen 1.06 - l.o8 g/cc 

L'to : t: ““ r 

elton in 1,6, shoving a large suhpopulatlon of lynphocytea in the lov 

density region. 1.05 - 1.075 g/cc, 3 days prior to severe influenza, as 
compared with the LSGD 1 070 _ i / 

healthy^’^ ' ' ^ ^ individual unen 


Again, our literature review revealed only one study on the effect of 

o"f'Z°'”“r .ubpopulations 

Of fe-a„. peripheral blood lymphocyte, that are designated T- «id E- 

ymphocytes. It ms fonnd that the percentsge of T-ljm.phocytes was 

depressed in most patients in the early stage of disable, while the B- 

^Phocyte proportion was elevated comp^-ed with convalescence and controls 

That observation greatly strenght«ied interpretation of the IBOD data. 

oTT^d“BT'V "■'* 

Howlv apparently diap^-ate results, 

ever, the methods and materials, as well as interpretation of data, 

varied greatly in the reports. Thus, difference. c«i he attributed by 
differences in material used to form the 

Status ,, gradients, pH. osmolarity, health 

status Of the donor, centrifugation parm.et.rs, etc. Nev^-theless , the 

Of T- and B-ljm,phocytes within the IBOD. I„ our data, the B-c.ll. were 
e leved to be located in the high density region of the I5GD because of 
the size Of the nuclei in that region and previou. ezperimentatlon showing 
c ncentrmtion of PHg-re.i„nding cells, . ^lor T-cell subpopulation. in 
low density region of the major component of the ISOlf. other Investl- 
gators have also provided evidence for enrichment of PHA-re«rtlng lyz^hocyte. 

tlood lymphocytes^^-^. „owm,er. the reverse location, for I- mu, B-c.ll. 

. n the I^OD. B-cell. in the low density region m.d T-ceU. in the high 
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density region, have also been reported under different conditions of 

centrifugation; but the LSGD of the major component shifts toward lower 

densities during virus disease to reflect the expected increase in the 

6 2U 

proportion of B-cells ’ . Thus, the shift in specific gravity of the 

major component of the LSGD is believed to chemge in accordance with the 
relative increase in the proportion of B-cells regardless of conditions 
of centrifugation. 

Another possible influence on the pattern of the LSGD is posed by the 

observed participation of lymphocytes in the disease process. Thus, 

studies of the atypical lymphocytes that are associated with many viral 

diseases have shown that their metabolism and initial depression of RNA 

synthesis in response to PHA suggests that they may contain a latent 
25 

vinis . Further ^ herpeslike virus has been associated with diseases 

such as infectious mononucleosis that have a large number of atypical 
25 

lymphocytes . Also, rubella virus, measles virus, and mumps virus have 

been recovered from washed levikocytes of the buffy coat of the infected 
26 2T 28 

individuals ' ' ’ ’ . All these diseases demonstrate high percentages 

lU 

of atypical lymphocytes . Further, Papp in 1937 was able to transmit 
measles virus infections to healthy human volunteers with washed leukocytes 
from the buffy coats of infected Individuals * . Additional evidence for 

lymphocytes acting as host cells for acute infections in man is the known 
replication of different viruses in cultures of activated, h\man lymphocytes. 
Thus, herpes simplex virus, vesicular stomatitis virus, and yellow fever 
virus have been observed to replicate in PHA-stimulated lymphocytes and, 

30 

occasionally, in unstimulated lymphocytes 

Lymphocytes engaged in delayed hypersensitivity response vivo have also 

31 

been shown to support replication of viruses . It should be noted that 
patients with measles, varicella, and rubella demonstrate numbers of acti- 
vated lymphocytes that are several times higher than in healthy subjects 

17 

of correspond:' g age 

A few observations on viral infected lymphocytes suggest that these cells, 
if present, would be found in the very low density region of the LSGD. 
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First, the activated lymphocytes necessary for viral replication are 

characteristically large in diameter and are associated with very early 

lU 17 

infection, as are the Type III atypical lymphocytes * . The large, 

atypical lymphocytes or "virocytes" found in preclinical infection of 

severe influenza were located in the low density region of the LSGD^. 

During the course of most acute viral infections, some Infected cells 

undergo morphological alterations resembling PHA-transformed cells and 

have increased size and cytoplasmic/nuclear volume ratio . PHA- 

transformed cells have been observed to be present in the very low density 

region of the LSGD corresponding closely to the population obseirved in 

20 

this study to be in the region of about 1.035 g/cc . 


Probably the most significant changes in the LSGD due to acute viral disease 
occur as a result of the role of peripheral lymphocytes as mediators of the 
immune response against virus infection. Thus, peripheral lymphocytes 

are known to produce interferon, participate in cytotoxicity, 
elaborate antibody, and to have other immunologic functions such as memory, 
helper activity and viral inactivation. Such functions could reside in 
individual subpopxilations which could fluctuate in relative proportion in 
response to variations in antigenic challenge. 

Interferon is believed to be an important part of the host immime response 

25 

to virus infection and is elaborated within hours of exposure . Only one 

publication related interferon-producing lymphocytes to LSGD. Capacity for 

interferon elaboration was found in the high density, descending region of 

the major component of the LSGD and was separate from the capacity to 

synthesize IWA in response to stimulation by mitogens . The data also 

suggested that capacity for interferon elaboration is not inherent in the 

22 

T-lymphocyte subpopulation . 

Cell mediated immunity is conducted by the peripheral lymphocytes and is 

33 

believed to be the primary immune defense against virus infected cells . 

The most significant study of the relationship of cytotoxic subpopulations 

3 ^ 

of lymphocytes to the LSGD was conducted by Shortman, et al. The 
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study indicated that cytotoxic lymphocytes first appear in the low density 
region^**. Similar results were observed in studies of lymphocytes separated 
by velocity sedimentation. The lymphoblast was characterized as the 
important cytotoxic cell in the early immune response (day 3), while both 
lymphoblasts and small lymphocytes were cytotoxic by days 5 and 8, mostly 
small lymphocytes were cytotoxic by day ll», and by day 22 all cytotoxicity 
resided in small lymphocytes^^. Several studies have established that 
cytotoxic lymphocytes are T-cells^^*^^. Evidence from the same laboratories 
established that cytotoxic lymphocytes are mainly in the low density region 
in the eea’ly phase of the immune response . Thus, the low density cells 
observed in this study (1.035 g/cc) in the early viral disease may be 
cytotoxic lymphoclasts responding to the virus infection. LSGD 
subpopulations corresponding to the cytotoxic small lymphocytes after 
day 5 may be present in the density region about I. 0 U 5 to, perhaps, 

1.055 g/cc based upon increeaed percentages of lymphocytes within these 
regions during manifest viral Illness and a similar subpopulation in chronic 
skin cancer. However, this supposal Is speculative emd additional 
investigation is necessary. 

Of the two major subpopulations, T-cells and B-cells, the B-cells constitute 

about 30 % of the peripheral lymphocytes and are characterized by their 

capacity for antibody elaboration. That the B-cells may disseminate an immune 

response in a manner similar to the dissemination of cytotoxic effector cells 

by the T-cell compartment is implied by the literature. Thus, lymphocytes from 

the peripheral blood have been shown to synthesize specific antibody in an 

immune response^®. Further, the kinetics of the response indicated to the 

investigators that antibody forming cells in the blood are probably a 

•%o 

meaningful facet of the host's response to antigen'^ . From a teleological 

standpoint, plasma cells constitute part of the inflammatory response in 

local inflammation associated with specific cellular immunity which would 

seem to require purposeful dissemination of effector B-cells . It has been 

established that plasma cells develop by differentiation from small lymphocytes 

of the peripheral circulation*^®. Antibody elaborating lymphocytes have been 

hi 

identified in the low density region of the LSGD . Another study of the 




density profile of antibody forming cells showed that these cells were^located 
in the ascending, low density side of the major component of the LSGD . 

This position would correspond to the approximate .density region of 1.055 g/cc 
for the conditions of our investigation. 

Other functional characteristics of lymphocytes have been studied that might 

reside in identifiable subpopulations within the LSGD. Lymphocytes that 

elaborate macrophage migration inhibitory factor have been described as 

large to intermediate sized T-cells that are associated with the lowest 

density region of the LSGD**^. Also, a high density T-eell subpopulation 

has been identified that inhibits mitogenic response to PHA and Con A 

in pvirified T-cells^^. One study has shown that a nonspecific cytotoxicity 

can be induced in lymphocytes by mitogens that reside in a subpopulation 

separate from the cells that respond by mitogenesis, but not separate from 

B-cells^^. Another study has shown that the function of cell mediated 

lympholysis is separate from functions characterized by the mixed lympho- 

cyte response and the T-cell mitogen response . Other studies indicate 

that cooperation between different subpopulations of lymphocytes m^ be 

necessary for a complete immune response, thereby implying the possibility 

of yet other subpopulations**^’**®. Still other studies show that direct 

inactivation by lymphocytes may be one form of host defense in infection 

by some viruses^^***^. Lymphocytes responsible for inactivation of myxo- 

1»9 

virus were characterized as large and medium-sized cells . 


The relative proportion of various subpopulations and the shape of the ISGD 
might also be affected by drugs and by serum factors that may be Im mu n o- 
regulatory. Thus, steroids have been found to preferentially deplete the 
recirculating portion of the intravascular lymidiocyte pool^^. Further, hydro- 
cortisone decreased the transforming activity of lymphocytes in response to 
mitogens, particularly the transforming activity following stimulation by 
pokeweed mitogen^^. Non-steroidal anti-inflammatory drugs were found to 
induce swelling in various types of lymphocytes, thereby, perhaps, affecting 
the permeability of the cell membrane to various ions . 11»e chenotherapeutic 

drug Cyclophosphamide has been observed to affect subpopulations of peripheral 
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blood lymphocytes . The proportion of lymphocytes stimulable to synthesis 
of RNA was reversibly decreased, while the nonstimnlable proportion was 
increased . An example of serum factors that might regulate proportions 
of lymphocyte subpopulations is the lymphocytotoxln that has been identified 
in association with viral disease, vaccination, and a few possibly autoimmune 
disorders ’ . Such lymphocytotoxic factors stay preferentially deplete 

T-cells^^. 

From the results of the experiment and the foregoing discussion of the 
literature, a tentative model can be proposed which attempts to relate the 
shape of the LSGD to the identity of subpopulations of peripheral lymphocytes. 

The tentative model is illustrated in Figure 38. Using this model, pre- 
cllnical viral disease would be indicated by a large proportion of cells in 
the low density region corresponding to virus infected lymphocytes and/or 
large, cytotoxic cells. This popvdLatlon would be expected to be very 
transient and to disappear with the onset of manifest clinical symptoms. 

During manifest symptoms, the major component of the LSGD trtiich is thought 
to consist of T- and B-cells would be expected to shift slightly to higher 
density to reflect the decreased proportion of T-cells ccaipared to B-cells. 
Further, we would expect the appeareuice of cytotoxic lymphocytes in the 
region of about 1.0l*5 g/cc; and, later, the appearance of antibody elaborating 
cells in the region of about 1.052 g/cc. During recovery, the LSGD would be 
expected to gradually return to noraal with distinct subpopulations of T- and 
B-cells when their proportion is approximately equal. It must be recognized 
that this model is drawn from few observations, subject to change, and, 
therefore, only tentative. However, the model serves as a convenient point 
of departure for interpretation of ongoing research, and, also, as a stimulus 
for establishing objectives in further research. 

Further research opportunities are nmerous. As indicated in this investigation, 

inclusion of size of the cell nucleus would greatly enhance the definition of 

subpoptilations separated by density. Zucker and Cassen have noted that 

combined cell volume analysis and density gradient separation were necessary 

57 

to observe the populations of small lymphocytes in their studies . Size 
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distributions of the nucleus would obviate the adverse effect of the variable 
ratio of cytoplasm to nuclear volume and could enhance the identification of 
subpopulations. The studies of the changes in the nucleoli of peripheral 
lymphocytes during diseast indicate that the subpopulations might be further 
characterized by nucleolar morphology; and, additionally, that RNA synthesis 
and distribution might be useful parameters. Certainly, studies should 
be conducted to correlate such physical parameters with the known immunolo- 
gical functions. Moreover, the changes in LSGD need to be correlated with 
the kinetics of the immune response in order to best utilize the spectrum 
of physiced measurements for description of the toaporal profile of cellular 
immiinity. 


In conclusion, this investigation has shown that several virus diseases 
result in distinctive changes in the specific gravity distribution of 
peripheral blood lymphocytes. These changes can be interpreted to indicate 
the appearance of new subpopulations and/or different proportions of sub- 
populations of peripheral lymphocytes as a result of the disease process 
and the associated immune response. In view of the high degree of similaority 
of the LSGDs for healthy individuals, the pattern of the LSGD in conjunction 
with one or more other measurements may be extremely useful in studies of 
the immune system and may be applicable to the diagnosis of disease and 
monitoring the effects of immunotherapy. 
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linenia. Found that all 
cells in the botton 1/3 
of gradient (10-15]( of 
total) were absent in people 
who lack B-lynphocytes. 

! 

i 

i 

1 

1 

H.I. Abdou A 
H.L. Abdou 
din. Bcp. 
T—iinn1 . 13: 
(1973) 

Hunan 

Blood Blood 

Bone Marrow Bone 

Marrow 

Sucrose-plasna Cells sepcu*ated into two 
linear density fractions. Upper fraction 
gradient enriched in snail lynpho- 

i velocity cytes. Lower fraction 

sedinentation) enriched in granulocytes 
and leucocyte precursors. 

1 

1 

I 

•i 

1 

S.S. l^r^land 
J.B. Batwlg A 
G. Husby 

Scand. J. Tunol . 
2:67-73 (1973) 

Hunan 


Synovial 

Fluid 

Picoll- 
isopcuiue 
one step 
gradient 

Separation of lymphocytes 
from synovial fluid in 
patients with rheumatoid 
arthritis . 

j 

J 


R.S. Geha 
P. 8. Rosen 
B. Nerler 
J. din. Inrest. 
»: 1726-173^ 
(1973) 


Hunan 


B 


Blood BSA Density 3 subpopulations obtained 

Gradient 1st: Top 1/3 of gradient 

(Equilib?) rich in cells vlth 

high rate of spon- 
taneous DHA synthesis 
B colony fondng 
units. 

2nd: Rich in T-cells 
(■iddle 1/3 of 
gradient ) 

3rd: Rich in B-cells 
(bott(» 1/3) 
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Reference 


satiua OF UTERAOT reviBI of BQIsm ORABiaiT STODIES (COOT) 
Sp«le. Str.ln Tl..u. 


APPE^ JC D 


D.T.Y. Yu 
J.B. Peter 
J.A. Stratton 
H.E. Paulus A 
H.I. Machleder 
Clinical TMuuulogy 
A laBunopathology 
1:A56-A62 (1973) 


Connents 


Hunan 


Blood, 

Thoracic 

Dnct 

Iflrapho- 

cytes 


Ms^tlnuoo. In Mood , 

>how«d « decM«se 
tcquilib) in monber and a shift to 

lower density during pro- 
longed thoracic duct 
drainage. This suggests 
that high density lynpho- 
cytes normally recirculate 
and that low density 
lymphocytes hare prolifer- 
ated in response to the 
depletion. 



D.T.Y. lu 
J.B. Peter 
H.E. Paulus, A 
R.I. Naehleder 
J. Iwnoology 
110:1615-1622 
(1973) 


HiBMn 


Tboraeic 

Duct 

lympho- 

cytes 


Biscontinnous 
PicoU 
donaity 
gradient 
(Equlllb. ) 


Separated lymphocytes into 
subpopulations idiich 
differed in morphology, 
basal unstlmulated 3H-nUR 
incorporation and response 
to stimulation hr PHA and 


PMV. 


T.G. Pretlov II A 
D.E. Luberoff 
Tsmunulogy 2A: 
85-92 (1973F 


Blood 


Isopyenlc and 
programmed 
rate sonal 
centrifuga- 
tion 


Effectlre and rapid means 
for separation of lympho- 
cytes and granulocytes 
from blood. 


L.E. Everson R«an 

D.I. Buell A 
0 . 11 . Rogentlne 
J. &:p. Ned. 137 ; 

3*»3-358 (1973) 


lyaphoid Velocity 
Cell Sedimen— 
Lines tation 


Separation of cells into 
0. S, A 02 phase of 
reproductive cycle. 
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SUMMARY OF LITERARY REVIEW OF 


Reference 

Species 

Strain 

Tissue 

T.G. Pretlov II, 
D.E. Luberoff A 

Human 


Spleen 

(Hodgkin's 

L. J. Hamilton 
P.C. Weinberger 
W.A. Maddox A 
J.R. DUTMlt 
Cancer 31: 1120-6 
(1973) 



Disease) 

D. Algom A 
M. Richter 
Laboratory 
Investigation ~29: 
587-59H (1973) 

Hunan 


Blood 


H.F. Meades Huosn Blood 

M.E.A. Tolnai, 

M.P.A. SilTelrm 
R.B. Gilbertsen A 
R.S. Metsgor 
J. IsBunol. Ill: 

860-867 (msF 


R.S. Gehs Hiaan 

E. Schneeberger 

F. S. Rosen & 

E. Nerler 

J. Exp. Medicine 
128:1230-12U7 (1973) 


Blood 

A 

Tonsil 


O 


APPENDIX D 


t 


DENSITY GRADIENT STUDIES (CONT) 

Method Results Comaents 

Isokinetic Separation of 

Gradient lormphocytes from 

of Ficoll solid tumors. 

i 


Discontinuous Cells separated into 

BSA Gradient fractions and response to 

(Equiliibt) various sdtogens 

measured. In chronic 
lymphocytic leukemia and 
acquired hypogasnnablobu- 
linemic patients » only the 
light fractions responditig 
to various mitogens. 

FicoU-hypaque Specific depletion of E- 

2 step rosette forming cells 

gradient (T-cells) or EAC rosette 

forming (B-cells) from a 
mixture of the tvo. 


Discontinuous Relatively pure populations 
BSA gradients of T- A B-cells were ob- 
(Equilib?) tained. Proposed that 

T-cells secrete a 
soluble product which, in 
combination with the 
antigen, triggers the B- 
cell into division and 
antibody secretion. 
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APPE^X D 

SWWAFY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (COHT) J 


Reference Species Strain Tissue Method Results Comments 


J. M. Nlnderboul & 
J. K. asith 
Clin Exp Ismnol 10: 
571-579 (1972) 

Human 

Blood 

Discontinuous 

Ficoll 

gradient 

(Equlllb) 

Lymphocytes fractionated and 
mixed with macrophages. 
Lymphocytes between 1.075 A 
1.090 produced greatest 
effect on macrophage 
electrophoretic mobility. 

E. Mercer A 
M. Silberschmldt 
IsMuaology 22: 
821-831 (19^ 

Human 

Tonsil 

Discontinuous 
BSA gradient 
(Equlllb?) 

Dense Cells were found to 
specifically take up 
antigen. 

C.S. August 

Hunan 

Thynus 

BSA density 

Lymphocytes separated into at 

E. Merler 


A 

gradient 

least 3 populations. The 

P.O. Lucas A 
C.A. Janewajr 
Cell I»niol 1: 

603-618 (I970T 


Tonsil 

(Equlllb?) 

first contained large and 
medium size lymphoblasts with 
spontaneous mitotic activity. 
Second population was 95JK 
saall lymphocytes which re- 
sponded to PHA, tetanus toxoid 
and allogenic cells. The 
third contained more dense, 
small lymphocytes which re- 
sponded poorly to mitogens. 


J 
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SIMIARY OF LITERARY REVIEW OF 
Reference Species Strain Tissue 

B. F. Argyrla Mouse C$7BL/6 Spleen 

transplantation 

11:387-391 (1971*) 


V.C. Wallen Mouse CD-I Spleen 

J.H. Dean & 

D.O. Lucas 
Cell iHunol. 6: 

110-122 (1973) 


A. H. Greenbers 
European J. 
laamnol. 

79S-797 (1973) 


Mouse C3H Spleen 

DBA/2 


O 


DENSITY GRADIENT STUDIES (CONT) 


Method Results Comments 

Discontinuous Gradient gives sub- Also evidence for 

BSA grculient population of cells light density rosette 

(Equilib?) (0 Positive) of mediian forming 0 positive 

density enriched in population, 

graft vs. host activity 

Discontinuous Spleen cells separated Results suggest a 

BSA gradient into 6 fractions. Cells 2-cell requirement 

(Eqtilllb?) from each fraction cul- for Interferon pro- 

tured with several duction in response 

general mitogens and to mitogens or PPD. 

vith a specific antigen Also, results suggest 
PPD. The cultiires vere interferon producers 

then assayed for mito- are not a thymus 

genesis and interferon dependent lymphocyte 

production. Interferon population, 

producing cells vere a 
different population 
than the cells \mder- 
going a niA synthetic 
response. 


Linear Sedimentation provides a 

FieoU simple, reproducible m 

gradient method for fractionating 

velocity lysqphocytes from lympho- 

sedimentation blasts. The T-lyaq)ho- 

blast was found to be an 
important cytotoxic cell 
in the eaurly immune re- 
sponse to allo-antigen. 
At a later time, in the 
imsmne response, the 
small lymphocyte vas 
shown to be the predomi- 
nant cytotoxic cell. 




o 


SUMtARY OF LITERARY REVIEW 


**®^***ence Siwcles Strain Tissue 


J. Marbrook A Mouse CBA Spleen 

J. S. HasklU 
Cell Innanol. 

1-9 (1973) 


J.G. Zettergren 
D.E. Luberoff A 
T.G. Pretlov II 
J. laninol. Ill ; 
836-8k0 (1973F 


Mouse C3H Hepatoma 

BALE/ c Melanoma 

C^TBL Glioma 

DBA 


D.M. Vasudevan Mouse C57BL Spleen 

K.T. Brunner A 
J.C. Cerottlnl 
Brit J. Cancer 28 ; 

Suppl I, 35-36 
(1973) 


F. Dumont A 
D. SaboloTlc 


Biomedicine 19 ; 

257-260 (1973) 


Mouse 


Swlss/B 

CBA 


Thymus 


F DENSITY GRADIENT STUDIES (CONT) 


© 


Method 


Resvtlts 


Comments 


Velocity 
sedimentation 
and linear 
BSA gradient 
(Equlllb?) 


P«urtially purified 
populations of cells 
were produced by 
density gradient. 
Several fractions were 
shown to contain pre- 
cvursors of plaque- 
forming cells. 


Linear 

Flcoll 

gradient 

(Equlllb?) 

Velocity 

Sedimenta- 

tion 


Developed method for 
separating ly^ho- 
cytes for solid tumors. 
Glass bead and velocity 
sedimentation gave 
lymphocytes of 58. U to 
95. 2;^ purity. Adding 
Isopycnlc centrifuga- 
tion gave 76.3 to 
96. 8/^ purity 


Linear 

BSA gradient 

(Equlllb?) 


Lymphocytes of less than 
1.08 g/cc were found to 
contain the cytotoxic 
cells . Elimination of 
heavier. Irrelevant 
cells Increased cyto- 
toxic effect. 


Discontinuous 
BSA gradient 
(Equlllb) 


Hydracortlsone-reslstant 
thymocyte subpopulatlon 
separated Into ^fractions. 
Electrophoretic mobility 
increased with density. 
Low density cells have 
high spontaneous MA syn- 
thesis, but respond less 
to PHA than the densest 
cells. 


- lifilftl - llrtiililill^ ■ .,. ■ - .-, 


Reference 

SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species Strain Tissue »fethod Results 

Comments 

K. Sbortman 
W.J. Byrd 

J. -C. Cerottinl k 

K. T. Brunner 
Cell Inranol 6: 
25-^0 (1973) 

Mouse 

CBA/H 

Spleen 

Thymus 

Linear BSA 

gradient 

(Equillb?) 

In the spleen, dense 
T-cells respond to 
PHA far more than light 
T-cells. In the thymus, 
only light cells respond 
to PHA or PWM. Dense 
cells were unresponsive. 

In the spleen, 
dense T-cells 
were non-adherent 
in column separa- 
tions. Light cells 
were adherent . 

M.O. El-Arinl k 
D. Osoba 

J. E]q>. Medicine 
137; 821-837 (1973) 

Mouse 

C57BL/6J 

DBA/2J 

C3H/HeJ 

Bone Marrov Linear 

C>Ti1 flbjbn KlCOli 

density 
gradient 
(Equllib? ) 

Progenitors of T-cells 
are lighter in density 
than T-cells . 


S. Kbnda 
E. Stockert k 
R.T. SUth 
Cell. Imnol. 
275-289 (1973) 

Mouse 

CBA, A/J, 

C57BL/6 

AKR 

Thymus 

Discontinous 
BSA gradient 
(EqulllbT) 

Two subpopulations 
identified by density 
and antigen patterns. 
Major subpopulation 
consisted of small 



lymphoid cells, is 60- 
90$ of total cells, 
high density and rich 
in 0, TL, G, X, LY-A, 
LY-B and LY-C, but 
little cr No. H-2. The 
minor subpoptilation was 
low density, large 
lymphoid cells, com- 
prised 10-15$ of total 
cells and was relative- 
ly rich in H-2, but low 
in the above-mentioned 
antigens . 









c 


Reference 


Sl»MAl« OF LITEBABY REVIEW OF DENSm ORABIEKT STUDIES (COET) 
Specie. Str«lD Tissue Method Results 




ReSs Gefae 
F.S. Rosm & 
E. Merler 
Je Clinical 
Investigation 
52: 1726-1731* 
0973) 


Comments 


Human 


Blood Discontinuous 

BSA gradient 
(Equilib?) 


He Von Boetiaer ft 
Ke Siortaan 
J . Imaunologicld. 
Methods 2:293-301 
(1973) 


House 


CBA/H 

Wehi 


Spleen 

Thymus 


Linear BSA 

gradient 

(E«iuilib7) 


Normal lymphocytes are 
separated into three sub- 
populations by density 
gradient technique l) Top 
1/3 of gradient is rich in 
cells characterized by a 
high spontaneous rate of 
DNA synthesis, 2) middle 
1/3 is rich in T-cells. 
Bottom 1/2 is rich in 
B-cells . Several patients 
with X— linked agsmmaglobu- 
llnema were found to be 
totally deficient in B- 
lymphocytes . 

A low ionic strength buffer 
causes damaged cells to 
aggregate and adhere to 
cotton wo 1 columns much 
more than viable cells. 

This is considered a 
simpler method of elimina- 
ting nonvlable cells than 
the density gradient 
method. 



J. D. Stobo ft 
W. B. Paul 

Mouse 

BALB/C 

Bone 

Discontinuous 

J. iMunology 110: 
362-375 (1973) 


AKR 

Marrow 

Spleen 

Lymph 

Node 

BSA gradient 
(Equilib?) 


Spleen cells separated 
by gradient. Fractions 
displayed both Increased 
and diminished PHArCON A 
stimulation ratio. Least 
dense cells had diminished 
PHA:CON A ratio. 
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Reference 


SUMHARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 
Species Strain Tissue Method Results 


ConBBents 


B.F. Argyris 
A. Cooney A 
H. Haritou 
Cell LmhioI 5: 
26U-279 (1972) 


Mouse 


C57BL/6 Spleen 

C3H/Ue 

AKR 


Discontinuous The Light density frac- 

BSA gradient tions are enriched in 

(Equilih) plaque forming (anti- 

body forming) cells and 
rosette forming (T) cells. 
The bone marrow derived 
(B) cells in the bottom 
part of the gradient 
seem to be antibody 
forming precursor cells. 


S. Honda 

Mouse 

CBA 

Thymus 

Di scont inuous 

A minor low density 

Y. Hakad A 


A/J 

Spleen 

BSA gradient 

population was derived 

R. T. SHith 
J. Exp Med « 
136;1A61-1A77 
(1972) 


C57BL/6 

(Equilib?) 

by gradient centrifu- 
gation. This popula- 
tion was found necessary 
for graph vs. host 
reaction. 


K. Sbortman House CBA 

I. Williams A 
P. Adw 

J. lamunological 
Methods 1: 

273-287 T1972) 


Ljrmph 

Node 

Spleen 


Linear BSA 
Gradient 
(EquilibT) 
Telocity 
Sedimen- 
tation 


Velocity sedimentation 
useful for eliminating 
very fine and very coarse 
cell debris, density 
sedimentation useful for 
eliminating damaged cells 
(at pH $.1) or damaged 
cells and erythroid cells 
(at pH 7.2). 
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SUMMiUnr OF uteraby review of density gradient studies (cont) 


Reference 


Species Strain 


Tissue 


Method 


Results 


Conments 


R. Burleson A 
R.H. Levey 
Cell TasmioT >»: 
305-315 ( 1972 T 


Mouse 


C57BL6/J Spleen 


Spleen Discontinuous 

LysqphNbde 

Bone 

Marrow 


Large, less dense cells 
(8oj{ of total cells) were 
inert in graft vs. host 
rxn. dense cells 

active in G.V.H. Bone 
narrow is domicile of 
snail, long-lived 
thymus derived lynpho- 


B.R. Suter 
H. Probst A 
P. Dukor 
European J. 
lamuool. 2: 

189-190 (1972) 


Mouse 


C3H/f 


Lynph 

Node 

Spleen 


Discontinuous 
BSA gradient 
(Equilib?) 


Rosettes formed by 
casq>laient receptor 
lynphocytes with sen- 
sitized erythrocytes 
were purified by den- 
sity gradient sedinen 
tatlon. Conplenent 
receptor lymphocytes 
are ultrastructurally 
very uniform, small 
lymphocytes . 


K. Shortaaa 
K.T. Brunner 
J.-C Ccrottlai 
J. Eqp. Medicine 
135 ;1375-1391 
uyr2) 


C57BL/6 

CBA 


Spleen 

Thysnis 


Linear BSA Density gradient used 

gradient to study development of 

(Equilib?) cytotoxic lymphocytes, 

separate and character- 
ize their progenitors 
and determine their 
relationships to sub- 
populations of T-cells. 


J. NitcheU 
iMunology 22 ; 

231-2A5 (1972) 


Mouse 


Spleen 


2-Step BSA 
gradient 


Used gradient to 
separate live cells 
from dead cells. 
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SUMMARY OF LITERARY REVIEW OF DENSITY GRADIENT STUDIES (CONT) 


Reference 

Species 

Strain 

Tissue 

Method 

Results Cosmients 

K. Shortaan 
V. Byrd 

I. wmiaM 
K.T. Brunner A 

J. -C. Cerottinl 
AttS^* J« EStp» 
Biol. Med. Scl. 

50:323-336 (1972) 

Mouse 

CBA/H 

C57BL/6 

Blood 

Spleen 

Tbysus 

Linear BSA 
gradient 
(EquilibT ) 

Cells adherent to glass 
bead columns are light 
density, non-adherent 
cells, are dense; 
antibody forming cells 
and cytotoxic lympho- 
cytes were predominantly 
light adherent cells. 

R.H. Lerey A 
R. Burleson 
Cell iMunol. k: 
316-332 (1972) 

Mouse 

C57BL6/J 

Thymo- 

cytes 

Discontinuous 
BSA gradients 
(EquilihT) 

Identification and 
recovery of an Immuno- 
coBipetent subpopulation 
of sK>use thymocytes. 

Levy A Burleson 
Cell IsBunol 
333-3‘*0 ( 1972 T 

Mouse 

C57BL6/J 

Thymo- 

cytes 

Discontinuous 
BSA gradients 
(EquilibT) 

Density gradient separation 
shown depletion of Immuno- 
competent cell populations 
of the thymus by anti- 
Xymphocyte serum. Compares 
normal neonatal v/als 
treated neonatal . 

J. W. Dyalnski A 
B. F. Argyrls 
Cell Danmol 5 : 
561-5» (1972) 

Mouse 

C31T/H^J 

AKR 

C56BL/6J 

LympB 

Node 

A 

Bone 

Marrow 

Discontinuoxu 
BSA gradients 
(EquilibT ) 

Confirmation of Thymus- Previous work used 

bone narrow cooperation D.G. to obtain 

liuT-ine in vitro senslti- subpopulationa 

zatlon to transplantation participating in 

antigens. in vitro sensiti- 

zation Ag's 

H. Willims A 
K.SAortsan 
Aust. J. Exp. Biol. 
Med. Sci. 50 : 
133-151 ( 1972 ) 

Mouse 

CBA/H 

Spleen 

A 

Thymus 

Linear BSA A 
Ficoll 
gradients 
(EquilibT) 

i 

Determination of the effect 

of pH on the buoyant den- | 

sity of lymphocytes and 

erythrocytes. 

1 




SUMARY OF LITERARY REVIEW OF I»HSITY GRADIENT STUDIES (COHT) 


Reference 

Species 

Strain 

Tissue 

Method 

Results 

L. LaFleur 
R.G. Miller A 
R.A. Phillips 
J. Espt. Med. 135; 
1363-137*» (1972) 

Mouse 

C3H/H^J0^^ 

C57BL/ 

6J0 . 
ci 

Bone 

Marrow 

A 

Thymus 

Velocity 
Sediment at ion 

Physical characterization 
of precursors of B-cells. 

T.G. Pretlow A 
H. Pushpara 
J. Inmunology 22: 
87-91 (1972) 

Mouse 

C57B 

Peri- 

toneal 

Cells 

Ficoll Linear 

Density 

Gradient 

rate-zonal 

centrifugation 

Developed method to 
separate lymphocytes 
from peritoneal cells. 

M.J. Stewart 
T.G. Pretlow A 
R. Hirsaoto 
Am. J. Pathology 
163-177 (1972) 

Mouse 

BALB/C 

Plsusaa- 

cytona 

Tbmor 

Isopycnlc A 
Isokinetic 
Ficoll linear 
gradients 
(Equilib?) 

Separation of malignant 
cells from benign cells. 

K. Shortman 

J. -C. Cerottinl A 

K. T. Brunner 

Bur. J. Lasunol. 2: 
313-319 (1972) 

Mouse 

CBA 

Spleen 

A 

Thymus 

Lineeur BSA 

gradient 

(EqulllbT) 

Separation of subpopula- 
tions of T A B lymphocytes < 
1) Minor population of 
thymus cells with high H-2 
A low 0 corticosteroid 


resistant, lov density 

2) B&T cells hare over- 
lapping distrilnitions, but 
soae regions enriched for 
T or B 

3) Different aouse strains 
had different TAB distri- 
butions 

U) EAcb antigenic type of 
lymphocyte had density 
heterogeneity . 

5) Density distribution of 
cells in spleen A thymus 
similar. 

6) High H2 low 0 starts 


Ckmanents 


3 


i 
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high 0, low H-2 stays in thymus. 


SUMABY OF LITERARY REVIEW OF EEHSITY GRADIENT STUDIES (COMT) 




Reference 

Species 

Strain 

Tissue 

Method 

Results 

CosBwnts 

J.S. Beskil A 
J. Nerbrook 
Cell ]teniiol. 3: 

k^ 8 -J »60 (m2) 

Mouse 

CSA 

Spleen A 
Tbyaus 

BSA Gradient 
(Equilib?) 
and Telocity 
sediaentation 

Separation of rosette- 
fomlng cells into sub- 
populations possessing 
distinct ianunologlcal 
functions. Inrestigated 
interrelationships be- 
tween these sub- 
populations . 


■• Von Boel»er 
K. Shortaea A 
P. Aden 

J. Exp. Nedieiae 
136;l6Ae-l660 (1972) 

Mouse 

CBA/H 

C57BL 

Bone 

Marrow 

Spleen 

Thyeus 

Linear BSA 

gradient 

(EquilibT) 

Spleen cells fractionated 
on gradient. Actiwlty of 
each fraction as a target 
in the alxed lyaphocyte 
reaction was neasured. 

By using bone narrow 
and thynus, it was 
found that only B- 
eells act as targets. 

J.w. Bgmlaekl A 
B.F. ArKFriB 
Cell iMBOl. 1 } 
200-287 (1972) 

Mouse 

C57BL/6J 

C3H/HeJ 

Lyaph 

node 

A 

bone 

narrow 

Discontinuous 
BSA gradient 
(EquilibT) 

Five subpopulations of 
lynph node cells ob- 
tained. Light A Bedlun 
fractions needed for in 
Titro sensitisation to 
alloantigens . Five sub- 
:x>pulations of bone 
narrow cells obtained. 
Only top two fractions 
required for in vitro 
sensitisation. 


L. LaHeur, 
B.J. UidardawB 
R.G. Miller A 
R.A. PhllUpe 
Ser. HeeBMt. 
50-63 (1972) 

Mouse 

BDFl 

Bone 

narrow 

Spleen 

Tbyaus 

Velocity 

sediaentation 

Precursors of B-cells 
are distinct fron 
henopoetlc stea cells, 
but nay be derived 
frcei the stem cells. 


0 
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SUIMARY OF LITERARY REVIEW OF DEHSITY GRADIEBT STUDIES (CCWT) 


SpeciM Strain 


Tissue 


Mouse 


C3H Bone 

C57BL/10 ■arrow 


J. Pelet 

K. T. Brunner 
A.A. Rordin A 
J.-C. Cwrottini 
Ear. J. TsM un o l. 
238-2>»2 (19U) 


Mouse 


C37BL/6 Spleen 


Method 

Discontinuous 
BSA gradient 
(EquilihT) 


Discontinuous 
BSA gradient 
(EquUihT) 


Results 

Bone narrow cells capable 
of generating IgG or IgM 
were separated by density 
gradient centrifugation. 
IgM producers denser than 
IgG producers. 

Alloantibody plaque- 
foming cells ore found 
predoninantly in low 
densities. Cytotoxic 
lymphocytes are found 
■alnly in the nedlun and 
high densities. 


Consents 


K. Staortnan A 
J. Palaer 
CeU iMunoI. 2: 
399 J 1 IO (19T1) 


Mouse 


CBA 

C57B 


Peritoneal 

exudate 

cells 

Spleen 


Linear BSA 

gradient 

(EquilibT) 


Shows that light, ad- 
herent radiation resis- 
tant "accessory" cell 
needed for ^ vitro 
response of ■ouse lympho- 
cytes to sheep erythro- 
cytes is a macrophage. 


K. Shortman 
J. Gull. Physiol* 
21:319-330 (19T1) 


Mouse 


BAU9 C 


Spleen 

Thoracic 

duct 

Lympho- 

cytes 

Thymus 


Linear BSA 

gradient 

(EquUibY) 


Thymus has more dense 
cells than spleen or 
thoracic duct. Large 
lymphocytes generally 
less dense than small 
lymphocytes . 
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SlMttHY OF UTERART REVIEW OF ffiMSITY GRADIEET STUDIES (COMT) 



L.I. Johnaon 
Proe. Soc. Btp. 
Biol. A Nad. 

im-1283 (19^ 


T. Takigochi 
W.H. AdO.«r B 
R.T. aaith 
CaU iHUDol. 2: 
373-380 (1971) 


Mouae 


Charlea 

RiTcr 


CBA 

DBA/2 


Bone 

narrow 

Spleen 

Tfagrwia 


T. TOkigoehi 

ACTA HABfMOLOGICA 

JAFOlICA 

396 -klO (1971) 


Nofuae 


CBA 


Spleen 

Thonaua 


R.N. Gorcsynaki 
R.G. NiUer A 
R.A. Phillipa 
iBBunoloar 12.* 
817-829 (1970) 


Houae 

Rat 


C3H/HOJ 

C3H/He0^j 

C57BL/6J 

Fiaher 

3*»k 


Spleen 


Linear 
sticroae- 
serua 
gradient 
(▼eloclty 
sediment at Ion ) 

Discontinuous 
BSA gradient 
(Equilibt ) 


Four aajor fractions 
recovered from gradient • 
Three fractions 99^ 
pure lyaptaocytes • Hlfsih 
reproduclhlllty of 
purity and yield. 

A low density thyaus cell 
population was found to 
be the cooperative 
"helper" cell Involved in 
the response to sheep RBC 
antigenic challenge. This 
population consists of 
30j small lymphocytes and 
10 % large lymphoid cells 
and blasts. 


Discontinuous 
BSA gradient 
(EquilibT) 


I4.near FicoU 

gradient 

(EquilibT) 


Density gradient used to 
study thymectomlsed mice. 
Spleen cells normal, but 
decreased in PHA respon- 
siveness. Dense cells 
particularly reduced in 
PHA responsiveness. In 
the thymus, light cells 
were PHA responsive, low 
0, and high spontaneous 
DHA synthesis. 

Antibody forming cells 
band in a single peak 
at 1.070 g/cc. 
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Reference 


V. H. Adler 
D. Peary li 
R.T. Qmlth 
Cell lABunol. 1: 
78-91 (1970) “ 


SUMMARY OF LITERARY REVIEW OP DERSITY GRADIEBT STUDIES (COHT) 


Species Strain 


Mouse BALB/C 


Tissue 


Spleeen 


Method 


Discont Inuous 
BSA gradient 
(EquilihT) 


Results Cosnents 


Effect of Tsrlous sdtogens 
on spleen cell suhpopula- 
tions was detemined. 
Cooperation between popu- 
vas suggested in soae cases. 


R.I. Nlsliell 
R.W. Dutton A 
D.J. Raidt 
Cell baninol. 1: 
175-lfll (1970) 


Mouse 


C57BL/6 Spleen 
OBA/2 


Discont inuous 
BSA gradient 
(EquillbT) 


Density gradient separated 
spleen cell subpopulations 
were found to cooperate 
In the 1— line response. 


C. Blanco H«sn Blood 

R. Patrick A 
V. Rttssenwelg 

702-719 (1970) 


N.G. Mage BALB/C 

W.H. Brans A 
B.A. Peterson 
Proc. Soc. Ekpt. 

Biol. A Med. 127 : 

A78-liai (19681 


Discontinuous CosqploMsnt receptor lynpho- 

BSA gradient cytes (b cells) are in 

(EquUlb) significantly higher pro- 

portion In the upper layers 
of the gradient. 


Discontinuous l8 fold enriclnient of antibody 
sucrose plsime-fonilng cells by 

gradient sedinentation at 1-G. 

(relocity 
sedinentation 
at 1— G) 
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SUMMARY OF LITERARY REVIEW OF 


Refeirence Species Strain Tissue 


Y. Kinoshita 

S. Klmura 
M. F^ikamizu 

T. Nagasawa 

Exp. Cell. Res. 86: 
136-1U2(197>*) 

Rat 

Wistar 

Thymus 

W.E. Bowers 

Rat 

HO 

Thoracic 

J. Cell Biology 59: 



Duct 

177-18U (1973) 



Lympho- 




cytes 

C.M. levlin 

Rat 

BH 

Blood 

Cell Tiiaiiinol. 8: 


BN 


198-208 (1973) 


DA 


J.J. Miller, III 

Rat 

Lewis 

Lymph 

K. Shortun & 



node 


P. Ryrt 

J. IbbudoI. 108 ; 
1591-1595 (1972) 

y 


DENSITY GRADIENT STUDIES (CONT) 


Method Results 


CoDiments 


Discontinuous 
gum acacia 
gradient 
(Equilih?) 


Three kinds of lymphocyte 
populations were found. 
Surface antigens of the 
different populations 
were found to differ from 
each other. 



Zonal 

centrifuga- 

tion 

(velocity) 
and isopycnic 
density 
centrifugation 


Developed method of 
separating thoracic 
duct lymphocytes 
according to size. 
Shoved lysosomes and 
large amount of 
cathespin D present, 
mainly in ssiall 
lymphocytes . 


Discontinuous 
BSA gradient 
(Equilib) 


Linear BSA 

gradient 

(Equilib?) 
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Lymphocytes separated into I 

subpopulations . All sub- I 

populations respond euqlly | 

to alloantlgens . Cells of ] 

intermediate density re- 
spond to PHA at concentra- 
tions eqtial to that for 

\infractionated cells. Low | 

and high density cells 

respond poorly to PHA, but 

when mixed show enhanced 

response . 


Lymph node lyiq>hocytes 
labeled with 3H-TdR with 
or vithovrt immune stimulus. 
With immune stimulus, the 
proportion of light cells 
(<1.07 g/ec) was greater 
than without stimulus. 





Reference 

A»Y.S. Wu 
B.H. VaksBan 
Cell LBminol. 3: 
316-528 (1972) 

Y . Kinoabi'ta ft 
Kloura 

®*P« Cell Rea. 68; 

1 » 71 - 1»76 — 

H. Kraft 
K. Shortaan ft 
J. Narehalonla 
^■■unology 20; 
919-930 (I9n) 


Species 

Strain 

Tissue 

Rat 

Lewis 

Lymph 

node 

and 

thymus 

Rat 

Vistar 

Thymus 


Levia 

Bufo 

Marlnua 


Blood 

Spleen 


A.C. Alaenberg ft 
C. Iftirray 
J. Inniiol. 107: 
28^288 (197TT 


Fischer 


Spleen 

Thymus 

Thoracic 

Duct 

Celia 


Method 


Rea’ilta 


E.j«r.tlon Of r.t tWc 


Denalty 

gradient 

(Equlllb?) 


Linear BSA 

gradient 

(Equlllb?) 


Dlacontinuoua 
BSA gradient 
(Equlllb?) 


^tiaera prepared against 
dense thymocytes enhanced 
wmor grotrth remarkably. 


Gradient used to study 
antibody forming cells in 
the toad. 

a definite sequence of 
density peaks appeared 
progressively during the 
response to antigen, in 
the rat , cells making 
various antibody classes 
gave different density 
profiles and could be 
partially separated from 
each other. 

Sejwatlon achieved between 
antibody producing cells 
and small lymphoid cells. 
Thymocytes can be dis- 
tinguished tram thoracic 
duct lymphocytes. Rat 
thymocytes are smaller and 
denser than thoracic duct 
cells . 
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SUMKARY OP LITERARY REVIEW OP DENSITY GRADIENT STUDIES 


Reference 

Species 

Strain 

Tissue 

Method 

Results 

Comments 

H. Kraft & 

R. Vistar 
Auat. J. Exp. 
Med. Sci. 
ll-20-(l97iT 

Rat 

Mouse 

Levis 

CBA 

Blood 

Lymph 

Node 

Spleen 

Thoracic 

Duct 

Lympho- 

cytes 

Linear 

BSA gradient 
(Equilib?) 

IgM producing cells from 
rat spleen found mainly 
at densities of I.O5U7- 

1.0558 and 1. 0636-1. O6U9. 


J. S. Hasklll 
D.G. Legge t 

K. Sbortaan 

J. Inranol. 102: 
703-712 (19^T" 

Rat 

Wistar 

Blood 

Lymph 

Nodes 

Spleen 

Thoracic 

Duct 

I^pho- 

cytes 

Linear 

BSA gradient 
(Equilib?) 

A circulating antibody 
forming population of 
cells was enriched 100 
times by density 
gradient techniques. 

Evidence presented 
for distinct stages 
rather than a con- 
tinuum in the 
development of the 
antibody- forming 
cell. 

P. Te—inen 
A. Toiranen A 
P. Tolyanen 
Europ. J. 
Lannol. 2 .* 
521-523 (1973) 

Chicken 

White 
Leghora 
Line P 

Thymus 

Discontinuous 
BSA gradient 
(Equilib?) 

Enriched cmtibody forming 
capacity in lov density 
cells. Graft vs host 
reaction found in high 
density cells. U-1/2 
week old chickens do not 
show this separation, 
while 10-veek olds do. 


E. Pick 
European J. 
iMBonol. 2* 
317-319 (1973) 

Guinea 

Pig 


lOfmph 

Node 

Discontinuous 
BSA gradient 
(Equilib) 

Macrophage migration 
inhibitory factor pro- 
duction limited to 
lymphocytes of low 

a 


density. 


o 






0 
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SU»!ARY OF LITERARY REVIEW 

OF DENSITY GRADIENT STUDIES «(C0NT) 

1 

Reference 

Species 

Strain 

Tissue 

Method 

Results 

Comments 

0. Rudzik & 

J. Bienenstock 
Lab. Inrest. 30: 

260-266 (1971»T" 

Rabbit 

New Zealand 
White 

Gut 

Mucosa 

Two step 
BSA gradient 
(Equilib? ) 

Developed method for 
Isolation of lympho- 
cytes from gut mucosa. 


H. Kraft h 
K. Staortman 
J. Cell. Biology 52: 

k38-l»52 (1972) 

Toad 

B. 

Marlnus 

Blood 

Spleen 

Lineaer 

BSA gradient 

(Equilib?) 

Sedimentation 

velocity 

Differentiation of 
antibody forming cells 
(AFC) followed by den- 
sity and size. Anti- 
body formers were 
purified 17-fold by 
density and lUO-fold by 
velocity sedimentation. 

Results s\iggest AFC 
starts as a large, 
light, dividing 
"blast" cell and 
becomes identical 
to a small lympho- 
cyte in size 
density and morpho- 
logic appearance. 
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